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Abstract
We have systematically analyzed a sample of 13 new and archival
ROSAT PSPC observations of compact groups of galaxies: 12 Hickson
Compact Groups plus the NCG 2300 group. We nd that approximately
two-thirds of the groups have extended X-ray emission and, in four of
these, the emission is resolved into diuse emission from gas at a temper-
ature of kT  1 keV in the group potential. All but one of the groups
with extended emission have a spiral fraction of less than 50%. The
baryon fraction of groups with diuse emission is 5{19%, similar to the
values in clusters of galaxies. However, with a single exception (HCG
62), the gas-to-stellar-mass ratio in our groups has a median value near
5%, somewhat greater than the values for individual early-type galaxies
and two orders of magnitude lower than in clusters of galaxies. The X-
ray luminosities of individual group galaxies are comparable to those of




relation for early-type galaxies
may be atter in compact groups than in the eld.
Subject headings: cosmology: dark matter | galaxies: clustering |
galaxies: interactions | X-rays: galaxies
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1 Introduction
Poor groups of galaxies have been stud-
ied much less than have rich clusters, even
though they are the most common type of
galaxy grouping and thus are more likely to
be representative of the universe as a whole
than relatively rare clusters. In large part,
this is because groups are much more di-
cult to identify: they have very few galax-
ies and tend to have small overdensities rel-
ative to the background. Even those groups
selected by \objective" searches through red-
shift space such as the CfA groups (Huchra
& Geller 1982) may not all be gravitation-
ally bound (Moore, Frenk, & White 1993).
These concerns lead one to search for groups
with few galaxies that nonetheless have rel-
atively large overdensities for easy identica-
tion; such groups do exist|compact groups
of galaxies.
Compact groups contain some of the dens-
est concentrations of galaxies known, with
galaxy densities comparable to or greater than
even those of the cores of rich clusters. These
groups typically contain fewer than 10 mem-
bers, and the galaxy-galaxy separations are
on the order of a galaxy diameter. The high
densities would imply that these are ideal lab-
oratories for studying galaxy interactions and
merging.
One well-studied sample of compact groups
is the Hickson Compact Groups (HCG's) as
dened by Hickson (1982). Spectroscopy and
imaging have shown that most of the groups
consist of galaxies with concordant redshifts
(Hickson et al. 1992) and that many of these
galaxies display signs of interaction such as
tidal tails and distorted spiral arms (Mendes
de Oliveira & Hickson 1994; Rubin, Hunter,
& Ford 1991). However, studies of early-type
galaxies in HCG's nd them to be less boxy
than eld ellipticals (Fasano & Bettoni 1994,
Zepf & Whitmore 1993), which might imply
that these galaxies have undergone fewer in-
teractions than have eld ellipticals.
The question of the interaction history of
HCG's is not answered by studies at radio and
infrared frequencies. Several investigations
into the neutral hydrogen distribution in var-
ious HCG's (Shostak, Sullivan, & Allen 1984;
Williams& van Gorkom 1988; Williams,McMa-
hon, & van Gorkom 1991) have shown that
some of the more compact groups have HI
clouds that encompass entire groups, while
the less compact groups have HI conned to
the (spiral) galaxies. The galaxies in these
latter groups contain only half the neutral hy-
drogen that similar galaxies in loose groups
have (Williams & Rood 1987). Hickson et
al. (1989) found that the IRAS FIR emission
in compact groups was enhanced, but this
was disputed by Sulentic & de Mello Rabaca
(1993). Moles et al. (1994) considered 25m
emission in addition to FIR emission, and
found no enhancement over the levels seen in
isolated pairs of galaxies.
One can determine that a group is grav-
itationally bound by detecting hot gas in
the group potential well via X-ray observa-
tions. Few such observations of compact
groups have been made, but this situation is
rapidly changing. Bahcall, Harris, & Rood
(1984) observed four HCG's (and an addi-
tional Arp group) with the Einstein X-ray
telescope and found extended emission in HCG
92 (Stephan's Quintet) and Arp 330. The
sensitivity to emission at temperatures near
1 keV of the ROSAT X-ray telescope has
made possible a great number of observa-
tions of compact groups of galaxies, two of
which have already been reported upon in
the literature. HCG 62 was found to be a
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bright source of diuse X-rays by Ponman &
Bertram (1993), and the NGC 2300 group of
galaxies was found to have extended X-ray
emission by Mulchaey et al. (1993). The lat-
ter paper claimed that the NGC 2300 group
has a baryon fraction of only 4% (although
this increases to at least 6% using their note
added in proof), which would indicate that
these systems are considerably dierent than
rich clusters (which have baryon fractions of
10{30%) and very similar to some theoreti-
cal predictions for the baryonic content of the
universe as a whole (e.g., White et al. 1993).
In order to determine whether these two
groups are typical of compact groups, we as-
sembled a large sample of X-ray observations
of HCG's. In addition to our PSPC obser-
vations of four HCG's (selected to have a
large enough angular size to be resolved by
the PSPC, and far enough north for follow-
up optical observations at MDM Observatory
on Kitt Peak), we obtained all the archived
ROSAT PSPC observations of HCG's avail-
able as of April 1994 (including those of HCG
62, and the NGC 2300 group). This resulted
in a sample of 13 groups, which we then re-
duced in a uniform manner. The PSPC ob-
servations allowed us to nd the fraction of
groups with extended emission, and then de-
termine the mass of hot gas and the total
gravitating mass of those systems. These
masses were compared to the baryonic mass
in the galaxies of each group in order to de-
termine gas-to-stellar-mass ratios and bary-
onic fractions. This study is an improvement
over previous work since the attening prop-
erties of the PSPC are better understood and
the background subtraction was investigated
thoroughly. In addition, the reduction and
analysis was uniformly applied to all the ob-
jects, so they could be compared to one an-
other.
2 Observations and Data Reduction
Four HCG's were observed with the PSPC
as part of our observing program (HCG 2,
10, 68, and 93), while seven other HCG's and
the NCG 2300 group had PSPC observations
obtained from the ROSAT archives. In addi-
tion, HCG 94 can be seen in the observation
of HCG 93, although it is over 30
0
o axis.
A summary of the properties of the groups is










All observations were reduced in the same
manner. First, we examined the background
level as a function of time by binning the
counts in a100 square arcminute region con-
taining no apparent X-ray sources in roughly
100 second intervals. We examined the value
of the signal-to-noise for a source 10% as
bright as the modal background level as we
included time bins with greater and greater
background levels. Typically, the signal-to-
noise would rise steadily as more bins were
included, but fall for those bins at very high
background levels. We then excluded all
time intervals which had background levels
above the point where the signal-to-noise ra-
tio started to decrease. In all but one case
(HCG 92), this entailed the exclusion of less
than 8% of the total observing time. Subse-
quent analysis was performed using these l-
tered observations. Table 2 lists the total and
net observing times, as well as the galactic
neutral hydrogen column (N
H
) in the direc-
tion of each group as determined by Stark et
al. (1992).
Each PSPC eld was attened in the ap-
propriate energy band using the programCAST EXP
(Snowden et al. 1994), which creates more
accurate at elds than those provided by
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the US ROSAT Science Data Center, which
are not energy-band specic. This program
uses the aspect and event rate information
for each observation, along with the time in-
tervals used and the energy band of interest,
to make a at eld. These at elds were
used to make at images for analyzing the
extent of any X-ray emission, as well as to
determine normalization factors for spectral
analysis. The at images excluded any energy
channels that would be absorbed heavily by
the neutral hydrogen column in our Galaxy
(e.g., kT < 0.5 keV for high columns).
In order to test the accuracy of our eld
attening, we attened three elds from the
ROSAT archives (rp700112, rp700117, and
rp700375) that had relatively few sources,
none of them expected to be extended. These
three elds intentionally span a range of neu-
tral hydrogen columns (N
H





, respectively) and exposure
times (19.8, 22.7, and 13.4 ksec) in order to
see what eect these parameters had on the
attening. None had more than 1 ksec of ob-
serving time excluded due to high background
levels.
A plot of the background level as a function
of distance from eld center for the two high
N
H
elds (rp700112 and rp700375) is shown
in Fig. 1. The data points are averages of
annular bins 40
00
wide. The background level
becomes less well determined at the radius
of the support ring (r  20
0
) and beyond, as
well as at radii less than 7
0
, where the targets
of the observation may not be adequately ex-
cluded. Further analysis shows that the uc-
tuations of the background for 7
0
< r < 20
0
are approximately 1.4 times greater than that
expected from photon statistics alone. It is
unclear whether this is due to unsubtracted
point sources, uctuations in N
H
, imperfec-
tions in the attening process, or a combina-
tion of all these. Whatever the cause, this
larger error should be applied when analyz-
ing PSPC data, especially when searching for




eld, rp700117, could not be
attened to the same degree of accuracy as
the other two elds. Not only was it more dif-
cult to create a good at when nearly all the
energy channels were included, but this eld
exhibited an increase in surface brightness
with radius, regardless of the energy band ex-
amined (Fig. 2); especially for r > 20
0
. Even
when channels with kT < 0.5 keV were ex-
cluded (heavy line), the background counts
rise with radius even within the support ring.
It is not clear whether this is an artifact of
the attening process or some systematics of
the eld or observation (or some combination
of these). This demonstrates that process-
ing PSPC images is not guaranteed to pro-
duce perfectly at elds, with the greatest
diculties at r  20
0
. Again, extreme cau-
tion must be exercised when analyzing low
surface brightness X-ray features|it can be
highly dicult to disentangle such features
from telescope or reduction systematics.
3 Analysis and Discussion
All of the spatial and the initial spectral
reduction was done using the PROS pack-
age within IRAF, while the remainder of the
spectral reduction used XSPEC. Our proce-
dure was as follows: after the initial reduction
outlined in x2, a attened image of the cen-
tral square degree of the PSPC eld was cre-
ated, using only energy channels largely un-
absorbed by neutral hydrogen in the Galaxy.
The at eld from CAST EXP was normal-
ized so that the maximum pixel value is 1. A
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smoothed image (smoothed with a gaussian
with =16
00
) was then created, and viewed
with an overlay of the optical galaxy posi-
tions. Contour maps of the X-ray emission
of the groups with detected extended emis-
sion are in Fig. 3. Each smoothed image was
visually examined to see if any of the galax-
ies in the group have X-ray emission and/or
if there is any extended X-ray emission asso-
ciated with the group. If there was extended
emission, we used annular binning on the un-
smoothed data to determine its extent.
All galaxies identied in the attened and
smoothed image were spectrally analyzed, as
was all extended emission. A background-
subtracted, vignetting-corrected spectrum of
each detection was analyzed in XSPEC, where
we t an absorbed Raymond-Smith model to
the data, xing the neutral hydrogen column
to the galactic column in the direction of the
group. Since the PSPC does not allow one to
t abundances very well, we xed abundances
of diuse gas at one-half solar and galaxies at
solar abundance. If the source was too faint
to t a temperature, we xed it to be kT=0.5
keV (elliptical and S0 galaxies) or 1.0 keV
(spiral galaxies and diuse emission). The
tted model then was used to nd the rest
frame luminosity of the source in the XSPEC
PSPC passband (0.07{3.0 keV). The diuse
emission will be discussed in x3.3.
For galaxies in the PSPC eld but not de-
tected at the 3 level, we determined upper
limits. First, we found the net number of
photons in a circular aperture of radius equal
to the major axis diameter of the galaxy, as
given in Hickson (1993). Then we obtained
a luminosity (if the net counts were 2 or
greater above the background|such galaxies
could be seen in the smoothed image) or a 3
upper limit on the luminosity for each galaxy
by scaling the luminosity of a well-detected
galaxy of the same type in the same group by
the ratio of the net counts of the two galaxies.
If there was not a galaxy of the same type
(E/S0 vs. spiral) in the group, we forced a
t of the appropriate temperature on a well-
detected galaxy in the group, and used the
result to obtain a scaled luminosity. This pro-
cedure was not carried out for galaxies whose
emission could not be separated from nearby
bright emission (e.g., the galaxies of HCG
4). Table 3 summarizes the X-ray and opti-
cal properties of all PSPC-detected compact
group galaxies. We use the galaxy designa-
tions of Hickson (1982, 1993) throughout this
paper.
3.1 Individual Groups|Comments
Eight of the 13 groups we analyzed have
detectable extended X-ray emission (see Ta-
ble 4). Unfortunately, several of the groups
are not completely resolved with the PSPC
(which has a FWHM of 25
00
)|it was impos-
sible to separate diuse emission from emis-
sion from the galaxies. Also, some of the
same groups had observing times that were
too short to obtain high signal-to-noise ratio
detections of the extended emission. Only 4
groups had resolved detections of diuse X-
ray gas in the potential well of the group. The
observations of each of the 13 groups are dis-
cussed more thoroughly below.
HCG 2 All three of the galaxies in this
group with accordant redshifts are detected
in X-rays, but no extended emission is seen.
HCG 4 A bright power-law source in galaxy
a of this group overwhelms any possible signal
from other sources in the group. This source
has a power-law index  = 2:080:04 (where
5
the emission depends on the energy as E
 
)





. Galaxy a was found to
contain a possible AGN in the Montreal Blue
Galaxy Survey (Coziol et al. 1993), and this
observation appears to conrm the presence
of an active nucleus in that galaxy.
HCG 10 Two of the four galaxies in this
group (a and b) are well-detected by the
PSPC, but no extended emission is seen.
HCG 12 This quintet of galaxies is not re-
solved with the PSPC. The emission is ex-
tended, but the 25
00
resolution of the instru-
ment is not sucient to separate galaxy emis-
sion from diuse emission.
HCG 44 This group has three (a, b, and
c) of its four galaxies clearly detected in the
PSPC observation, but there is no extended
emission.
HCG 62 HCG 62 contains two central, X-
ray bright early-type galaxies as well as very
strong diuse X-ray emission. It was rst an-
alyzed by Ponman & Bertram (1993).
HCG 68 This group is the only one of our
four original PSPC observations to show dif-
fuse emission. Four (a{d) of the ve galaxies
in the group are well-detected, although the
emission from galaxies a and b overlaps and
cannot be resolved separately.
HCG 79 This group is better known as
Seyfert's Sextet. Since it is a very dense,
elliptical-rich group, it might well be expected
to be a strong source of X-ray emission; un-
fortunately, the usable time for this observa-
tion was so short (4.9 ksec) that there were
not enough photons detected to perform any
spectral analysis. In addition, the galaxies in
the group are too close together to be indi-
vidually resolved with the PSPC even if the
observation time were suciently long.
HCG 92 The PSPC observation of this
group (better known as Stephan's Quintet)
presented some diculties in reduction. Not
only are the galaxies too close together to be
resolved individually by the PSPC, but 36%
of the original observing time needed to be
discarded because the background level was
too high. Nonetheless, this group has a strong
X-ray detection, though it is unclear whether
it is diuse emission or unresolved emission
from individual galaxies.
HCG 93 Only galaxy a of this group is
clearly detected in the PSPC observation|
no extended emission is seen.
HCG 94 Serendipitously, this group is seen
in the observation of HCG 93 (it is 30:
0
5 away
from HCG 93). Because it is so far o-axis,
no determination can be made about the spa-
tial structure of the X-ray emission, but some
spectral analysis can be done (x3.3.6).
HCG 97 This group has fairly bright ex-
tended emission surrounding galaxy a, mak-
ing it dicult to detect or set upper limits on
the emission from any of the individual galax-
ies of the group. Even for galaxy a, we were
forced to assume that all the emission from it
was within a radius of 48
00
of the center, which
may not give an accurate picture of its X-ray
properties.
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NGC 2300 group We take this group as
consisting of three galaxies: NGC 2300 (E3,
M
B
=  21:3), NGC 2276 (Sc, M
B
=  21:4),
and IC 455 (S0, M
B
=  19:1). This is
the same grouping as used by Mulchaey et
al. (1993), who did the rst analysis of the
X-ray properties of this group.
3.2 Properties of Group Galaxies
One question that can be addressed with
this sample of compact group galaxies is whether
the apparently very dense environment of
these groups produces systematic dierences
in the X-ray to optical luminosity relation.
Such relations have been determined from
Einstein observations of eld galaxies and can
be easily translated to the ROSAT passband.
Bregman, Hogg, & Roberts (1992)[BHR] nd






and, although the picture for spiral galaxies
is less clear, L
X
appears to be linearly corre-
lated with the number of Population I stars









all of the galaxies detected in the X-ray in
our sample that were not contaminated by
diuse emission or overlapping galaxy emis-
sion (questionable cases are noted below and
in Table 3). Blue luminosities were found us-
ing the blue apparent magnitudes in Hickson
(1993), which have been corrected for overlap
from nearby galaxies. Both the spiral and the
early-type galaxies in our sample appear to





few exceptions (Fig. 4). The late-type galax-






what overluminous in X-rays for its blue lu-
minosity, but it is a Markarian galaxy and
thus may be undergoing some unusual activ-
ity. Among the early-type galaxies, HCG 97a
is the galaxy with the highest L
X
, and falls
about an order of magnitude above the BHR
relation, but this galaxy was dicult to re-
solve from the diuse emission in its group,
and its intrinsic emission may be less than
our stated value. HCG 44b also falls an or-
der of magnitude above the BHR relation, but
has one of the lowest blue luminosities in the
sample; and in the opposite sense, the two
elliptical galaxies with the highest blue lumi-
nosities (HCG 10b and HCG 93a) fall over





relation. None of these three groups
(HCG 10, 44, and 93) has extended emission,
so confusion is not an issue. HCG 44b and
HCG 10b have no known peculiarities and al-
though HCG 93a is a shell galaxy (Pildis &
Bregman 1995), there is no reason to expect
a relation between optical ne structure and
X-ray luminosity. These results may indicate
that early-type galaxies in compact groups




relation than do eld
galaxies, although this sample is too small to
address this issue denitively.
3.3 Properties of Groups with Extended
Emission
For the eight groups in which extended X-
ray emission was detected, we determined the
total gravitating mass of the group, the hot
gas mass, the gas-to-stellar-mass ratio, and
the baryonic fraction, if possible. Four of
the groups in our survey (HCG 62, 68, and
97, and the NGC 2300 group) are at least
partially resolved with the PSPC, and so the
masses obtained for those groups are the most
credible. Three groups (HCG 12, 79, and 92)
are unresolved (also, HCG 79 is less than a 3
detection) and the observation of HCG 94 is
too far o axis to determine the spatial prole
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of its emission.
In this analysis, all point and slightly ex-
tended sources in the PSPC eld (stars, group
galaxies, etc.) were masked o, and then the
center of the emission was determined by as-
suming that the emission was symmetrically
distributed. As can be seen in Fig. 3, the ex-
tended emission in these groups appears fairly
symmetrical, which implies that the gas has
had time to relax into the group potential.
The elongation seen in the X-ray isophotes of
some groups (notably HCG 97) may be due to
a somewhat unrelaxed potential, but this level
of disturbance will create only a 20% uncer-
tainty in the calculated mass, according to re-
cent simulations (Evrard, Metzler, & Navarro
1995).
The background level and maximum ex-
tent of the emission was determined by ex-
amining the radial prole of the emission (see
Figs. 5-9) and the background level. All of
these groups have a radial extent of X-ray
emission of over 1
0
and none have a bright
central point source. Since the point-spread
function of the PSPC at energies of 0.5-1.0
keV falls to less than 10
 3
of its central value
for radii greater than 1
0
(Hasinger et al. 1992),
the PSF does not aect our determination of
the background level or the radial extent of
the emission.
We t the radial surface brightness prole
with a convolution of the point-spread func-
tion of the PSPC with the standard hydrostatic-


















, and  are free parameters.
This model, along with the spectral t for
each group (see Table 5), allows one to solve
for the gas mass, and, again assuming hydro-
static equilibrium, for the gravitating mass in-















where the rst derivative equals  3 and the
second is assumed to be zero for all groups
except for HCG 62 (which is the only group
bright enough for us to measure the tempera-
ture gradient). In galaxy clusters (and HCG
62), the temperature gradient is small com-
pared to 3, so our assumption of isothermal-
ity does not have a large eect on the deter-
mination of M(r). The stellar mass in galax-
ies was determined by assuming a mass-to-
light ratio of M=L
B
= 8 in solar units. The
mass-to-light ratio for galaxies in these groups
certainly will vary by Hubble type and inter-
action history (Rubin, Hunter, & Ford 1991;
White et al. 1993, Worthey 1994), and the
average value for a group may be as low as
M=L
B
= 3, but we will use a single uniform
ratio for the sake of simplicity and easy com-
parison.
The determination of the gaseous mass of
these systems is sensitive to the abundance
used, a quantity that usually cannot be ob-
tained securely from these data. The reason
that the gas mass depends upon the metal-
licity is that line emission can be the main
contributor to the X-ray spectrum at kT 
1 keV, so the inferred emission measure in-
creases as one adopts lower abundances. For
example, when xing all other parameters in
a spectral t, the emission measure rises by
up to a factor of 2 as the abundance is de-
creased from solar values to half solar. As the
mass is proportional to the square root of the
emission measure, uncertainties in the abun-
dance can lead to inaccuracies in the gas mass
determination of up to 50%.
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Another source of uncertainty in the gas
mass estimate can be traced to the back-
ground level used when tting a beta model
to the system. If the background level is taken
to be less than the true background, then the
diuse emission appears to extend further in
radius and has a shallower slope (lower value
of beta). The gaseous mass estimate is in-
creased by the larger radius, and to a lesser
extent, by the smaller beta value. In extreme
cases, this can lead to a factor of two dier-
ence in the implied gas mass. The group with
the most uncertain background level is HCG
62, which may have a background 10% lower
than the level we chose. The eect of this
dierence on our calculated quantities is dis-
cussed extensively in x3.3.2. The remaining
groups have much better determined back-
grounds (see Fig. 5-9).
The gravitational mass is considerably less
sensitive to the background level than is the
gas mass. If the background level is under-
estimated and thus beta is smaller and the
extent r
max
is larger, the gravitational mass





The choice of abundance does have some ef-
fect on the gravitational mass since it is also
proportional to the temperature of the gas.
Lowering the abundance from solar to half




For the groups with non-detections or very
poor detections of X-ray emission, we found
upper limits on the amount of hot gas. After
nding the net number N of photons within
a circle of radius r
g
(the radius of each group
as given by Hickson [1982]) and the rms error
, we scaled the normalization factor of a 1
keV source (tted with an abundance of half
the solar value) in the same eld by the ratio
of N+3 (if N>0) or 3 (if N0) to the net
counts of that 1 keV source. From that scaled
normalization, and assuming that =0.5, that
the radial extent of the emission is 0.2 Mpc,
and that r
core
is 1/6 the radius of the emission
(along with the assumption that the tempera-
ture of the emission is 1 keV, all conservative
guesses given the results we found with the
well-detected diuse emission), we calculated
the upper limit gas mass. The results of these
analyses are listed in Table 6 and discussed in
greater detail below.
3.3.1 HCG 12
The emission from this group is centered












(throughout this paper, coordinates are for
epoch J2000.0), which is NNW of galaxy a,
halfway between galaxies d and e; and it has
a radial extent of 2:
0
2 (0.19 Mpc) [Fig. 5].
Even though the galaxies of this group are
not resolved in this observation, and thus
the extended X-ray emission seen may be
partially or mostly emission from individual
galaxies, we t a beta model to it in order to
obtain an upper limit on the gaseous mass of
the group and an estimate of the total mass.
Using this t as well as the spectral t above,










if =1.36|the 1 upper limit














, thus, the gas-to-stellar-
mass ratio is 12% and the total baryon frac-
tion is 15%. The uncertainties for these num-
bers are large (note the uncertainty of  in
Table 5), mainly because the emission is only
moderately well-t by a beta model. This is
certainly due to unresolved galaxy emission
being included in the t.
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3.3.2 HCG 62
We excluded the emission from the central
galaxies (all emission less than 3
0
from galaxy
a|the center of the X-ray emission) when ex-
amining the spatial and spectral properties
of the diuse emission from this group. We
nd a dierent spatial prole than did Pon-
man & Bertram (1993)[PB], obtaining a  of





15 rather than 0:
0
5, and tracing
emission only out to a radius of 15
0
(0.36 Mpc)
rather than their value of at least 20
0
(Fig. 6).
Other dierences are that PB used an abun-
dance of 0.3 times solar and a somewhat dif-
ferent tting procedure than we did (their
t to the radial prole of this group gave




5; they then used a more
elaborate model to get the values above). We
nd a radial temperature decrease consistant
with that of PB; kT=1:24  0:14 keV for
an annulus extending over radii of 3{8
0
to
1:07  0:08 keV for an annulus at 8{15
0
.







, close to the value PB


















within a radius of 20
0
. This dierence may be
attributable to our choice of background level
(producing a larger value of  and a smaller
radial extent) and of a higher abundance than
PB. Decreasing the abundance towards zero
signicantly worsens our spectral t, but in-
creases the gas mass up to 50%. The baryonic
mass in galaxies is the same in both our and





Since the largest dierence between our
analysis and PB's is the much smaller gas
mass, we consequently found a smaller baryon
fraction and gas-to-stellar-mass ratio for HCG
62. Our gas-to-stellar-mass ratio is 110%, ver-
sus PB's value of 310%, and our baryon frac-
tion is 5.3% at a radius of 15
0
, while PB ob-
tained a value of 11.7% at the same radius.
This group has the largest gas-to-stellar-mass
ratio and the smallest baryon fraction of all
the groups in our sample. In addition, our
X-ray luminosity is less than that stated by
PB, but given our dierent radial extent and
our exclusion of the bright central 3
0
as well
as PB's luminosity being bolometric and ours
being restricted to the PSPC band, this is not
unexpected.
We also reanalyzed these data for a back-
ground level 10% below the level originally
chosen since this is a plausible level at large
radii (see Fig. 6a). Reducing the background
level increases the radial extent of the emis-
sion to 27
0
(0.64 Mpc) and nearly doubles the
net counts. When we t a beta model to these
data, the values of  and r
core
did not change




9), but the t
was signicantly poorer than in our original
analysis. This new t doubles the gas mass
and increases the total mass by nearly 60%.
Since the stellar mass remains the same, the
gas-to-stellar-mass ratio becomes 210% and
the baryon fraction falls to 5.1%.
Because our analysis leads us to believe
that the background is not well determined
at large radii (x2), we believe that our origi-
nal background level of 0.080 counts/pixel is
the most reasonable. However, for systems
like HCG 62 with emission at large radii, ad-
ditional o-axis observations to determine the
extent of the emission and the background
level would be of considerable value.
3.3.3 HCG 68
The center of the diuse emission is 1.5
0
southwest of galaxy a. The emission is elon-
10
gated towards the northeast and southwest




This group has the largest baryon fraction
(19%) but the lowest measured gas-to-stellar-
mass ratio of all the groups with detected dif-
fuse emission, which is the opposite extreme
from HCG 62.
3.3.4 HCG 79
Although this group is only detected at the
3 level in its PSPC observation, the method
used to nd upper limits on the gas mass in
groups was used to nd a gas mass (see Table
6). Consequently, the value found is much
more uncertain than those of the more X-ray
luminous groups. However, the gas-to-stellar-
mass ratio of 5.5% is in the same range as the
other groups.
3.3.5 HCG 92
The center of the emission in HCG 92 is












), and extends to a
radius of 3
0
(0.11 Mpc). Unfortunately, the
emission of this group is very poorly t by
a beta model (the best model had a reduced

2
of 20.7) so we did not calculate a gas or
total gravitating mass for this system. As is
the case for HCG 12, a signicant amount of
the X-ray emission of this group is probably
due to unresolved emission from the galaxies
rather than diuse hot gas in the potential
well of the group. Planned HRI observations
of this group should clarify the nature of the
X-ray emission, and allow a determination of
the gas and total gravitational masses in this
group.
3.3.6 HCG 94
HCG 94 is an extremelybright X-ray source





a high temperature (kT = 3:7  0:6 keV)
compared to other Hickson compact groups.
This group may be associated with the nearby
Abell cluster A2572 (z = 0.0395), as noted
by Rood & Struble (1994). Abell 2572 is also
seen in the HCG 93 PSPC image, although it
is even further o-axis than HCG 94.
3.3.7 HCG 97
Extended emission is centered on galaxy a
and extends 7
0
(0.27 Mpc) from it (Fig. 8).
It is dicult to separate the emission from
galaxy a from the diuse emission, so we as-
sumed that the diuse emission was dominant
for radii greater than 48
00
(31 kpc). This ra-
dius was chosen because it is twice the opti-
cal radius (at 
B
=25 magnitudes per square
arcsecond [Hickson 1993]) of HCG 97a and
it is the radius outside of which the X-ray
isophotes become more irregular.
3.3.8 NGC 2300 group
We nd that the diuse emission in this
group is centered 3
0
west of NGC 2300 and
that it extends 17
0
(0.21 Mpc) from this point
(Fig. 9), rather than the 25
0
claimed byMulchaey
et al. (1993)[MDMB]. The emission declines
quite slowly with radius ( = 0.32  0.02),




(the large uncertainty is due to the proximity
of the emission from NGC 2300 to the center
of the diuse emission|a great deal of the
diuse emission is masked out along with the
galaxy's emission).
We calculate a total gravitating mass for




, over a factor of 4




and a factor of 2.9 less than the
total mass they found within 25
0
reported in
their note added in proof. The dierence be-
tween their values and ours is likely due to
dierences in the value of , although this is
unclear since MDMB did not publish a value
of  or r
core
. MDMB assumed a uniform den-




within a radius of 15
0
; we t a beta







, or 0.7% of the total
mass. With our standard mass-to-light ratio,
the baryonic mass in the three galaxies of the







a gas-to-stellar mass ratio of 5.7% and a to-
tal baryonic fraction for this group of nearly
14%, much greater than the 4% value given in
MDMB. (With the corrections made in their
note added in proof, however, their baryon
fraction is 6%). The disparity between our re-
sults and those of MDMB is probably related
to our improved attening and background
subtraction techniques.
4 Further Discussion and Conclusions
Hickson Compact Groups are apparently
quite poor in gas as compared to richer group-
ings of galaxies. While larger groups and clus-
ters have gas masses two to six times greater
than the baryonic mass in their galaxies (Ar-
naud et al. 1992, David et al. 1990), all but
one of the groups we analyzed have a gas-to-
stellar-mass ratio of less than one-eighth, with
a median value of close to 5%. While this ra-
tio is two orders of magnitude less than that
found in clusters, it is somewhat higher than
the 0.5{4% values found in bright early-type
galaxies (Forman, Jones, & Tucker 1985).
Even with this apparent shortage of gas
relative to richer structures, these compact
groups have baryon fractions in the range
found in clusters and rich groups. Baryon
fractions for those structures range from 10%
to over 30% (Blumenthal et al. 1984; Briel,
Henry, & Boringer 1992; David et al. 1994),
while the fractions for the four resolved groups
in our study range from 5% to 19%. The con-
stancy of the baryon fraction over all scales
from individual galaxies to rich clusters was
noted by Blumenthal et al. (1984), although
more recent ROSAT data seem to indicate
that the baryon fraction may increase with in-
creasing mass scale (David, Forman, & Jones
1994).
If the errors on the parameters listed in
Table 5 are taken into account along with the
possibility that M=L
B
could be as low as 3,
the gas-to-stellar-mass ratio for HCG 62, the
system with the largest ratio, could vary from
95% to 340% and that for HCG 68, the sys-
tem with the lowest measured ratio, could be
from 1.6% to 10%. The range of baryon frac-
tions for these two groups are then 4.9{6.4%
(HCG 62) and 5.8{24% (HCG 68). These
are the largest possible errors we could cal-
culate from our data, but these two groups|
which occupy the extremes of baryon fraction
and gas-to-stellar-mass ratio in our sample|
are still fairly distinct in these two quantities.
Note that the uncertainty in the abundance
is not taken into account above; changing the
abundance by a factor of 2 can change the
gas mass by up to a factor of 50%, as noted
in x3.3.
It is important to keep in mind that com-
parisons between these groups, rich clusters,
and individual galaxies involves properties
measured at dierent density contrasts. The
mean densities inferred from the binding mass
estimates in Table 6 represent enhancements




 1). For rich clusters,
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the mean density within an Abell radius is
roughly an order of magnitude smaller, while
the density contrast within a few optical radii
of a large elliptical can be an order of magni-
tude larger. It is not unreasonable to expect
that properties such as the gas-to-stellar-mass
ratio will vary as a function of radius from the
group center or, equivalently, mean density
contrast.
One concern then is that the low gas-to-
stellar-mass ratio may be biased by the se-
lection on optical compactness in Hickson's
catalogue. More gas may lie well beyond the
optical extent of the group. For a value of 
= 0.5, characteristic of these groups, the gas
mass is proportional to r
1:5
, while the stellar
mass would increase linearly with the radius
if it possesses an isothermal distribution as
do clusters. At the absolute extreme, the de-
tected galaxies could be the only galaxies in
the group, in which case the stellar mass is
constant with radius. Under these assump-
tions, and if the group extends to 1 Mpc (rep-
resenting a density contrast  10
2
), the gas-
to-stellar-mass ratio would increase by a fac-
tor of 3{10. Even with the largest increase,
the median value of this ratio would rise from
about 5% to 50%, still an order of magnitude
less than that found in clusters of galaxies
(David et al. 1990). Since most of the baryons
are from stars in the group galaxies, changes
in the baryon fraction from this eect will be
minor.
Physical explanations for the low gas frac-
tions include very ecient star formation in
these systems or expulsion of ambient gas
through galactic winds generated by bursts
of star formation. Accurate determination of
the metallicity in the gas would be a valu-
able diagnostic. The gas-to-stellar-mass ratio
could also be increased if it were determined
that some of the galaxies were projected inter-
lopers. As discussed below, this is probably
not a large eect for the spiral-poor groups we
nd to possess detectable, diuse emission.
Some of the groups in our sample may be
superpositions of eld or loose poor group
galaxies rather than bound entities. While
Hickson & Rood (1988) claim that only 1%
of HCG's should be chance alignments, Ma-
mon (1986) holds that roughly half are chance
alignments within larger poor groups and Hern-
quist, Katz, & Weinberg (1994) suggest that
HCG's may be portions of galaxy laments
seen end-on. An intermediate hypothesis (Su-
lentic 1987; Diaferio, Geller, & Ramella 1994)
posits that they are entities newly (and con-
tinuously) formed within poor groups and
that three-quarters are bound systems. Of
the ve groups (38% of our sample) that have
no evidence for extended X-ray emission, all
contain galaxies with morphological and/or
kinematical peculiarities that strongly indi-
cate interactions (Mendes de Oliveira & Hick-
son 1994). This may only indicate interac-
tions between members of a loose group that
are not bound to one another, but it would
be rash to declare all undetected groups un-
bound. Since the emission measure is pro-
portional to the square of the gas density,
a small decrease in the gas density would
make a group undetectable with the PSPC.
The eight groups that have extended emis-
sion are more likely to be bound, especially
those that are resolved into separate diuse
and galaxy X-ray emission by the PSPC. The
two highly luminous groups HCG 62 and 94
may be evolving into the cores of poor clusters
or groups.
One piece of evidence that may discrim-
inate between bound groups and superposi-
tions is the correlation we have found be-
13
tween extended X-ray emission and low spiral
fractions. Five of the 13 groups in our sam-
ple have spiral fractions of 50% or greater,
and only one of them (HCG 92) has a possi-
ble detection of diuse X-ray emission (note,
however, that the extended emission of HCG
92 was not well t by a beta model, indi-
cating that emission from galaxies may be
dominant). Of the eight groups with spi-
ral fractions under 50%, seven groups have
extended emission and the eighth, HCG 4,
contains a bright AGN whose X-ray emis-
sion overwhelms any possible diuse emis-
sion. This is similar to the results of Henry
et al. (1995) on X-ray selected groups: such
groups have spiral fractions a factor of two
smaller than optically selected groups. Hern-
quist, Katz, & Weinberg (1994) also suggest
that spiral-rich HCG's may be projections,
while groups rich in early-type galaxies may
be bound groups. As more PSPC and HRI
observations of HCG's enter the archives, this
negative correlation between spiral fraction
and diuse X-ray emission can be tested more
thoroughly.
HCG 62 appears to be a dierent object
from the other groups in this study. (HCG 94
may be a similar group, but our observation
of it is spatially unresolved. An on-axis PSPC
observation of this group has been performed
and an HRI observation is planned; both
should be enlightening.) Not only is HCG 62
very luminous in X-rays with highly extended
emission, but it also has the highest gas-to-
stellar-mass ratio by over a factor of 9 and the
lowest baryon fraction by over a factor of 2.
As Ponman et al. (1994) noted, the newly dis-
covered fossil galaxy group RX J1340.6+4018
has X-ray properties very similar to those of
HCG 62. However, HCG 62 is not exceptional
in its optical properties|its two central early-
type galaxies overlap but do not show clear
signs of interaction or merging (Pildis & Breg-
man 1995). Thus, X-ray bright, gravitation-
ally bound compact groups may not be found
easily in optical surveys, and X-ray surveys
may nd as yet unrecognized bound galaxy
groupings.
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lcccc 460pt Properties of groups analyzed Group z Dis-
tance (Mpc) N
accordant
Comments Column 2 is the median
redshift of each group and column 4 is the number of galaxies
in each group with accordant redshifts. Both are from either
Hickson (1993) or Mulchaey et al. (1993). HCG 2 0.0144 86.3
3 our observationHCG 4 0.0280 168 3 bright AGN in galaxy
a HCG 10 0.0161 96.5 4 our observationHCG 12 0.0485 291
5 not well resolved, diuse emission? HCG 44 0.0046 27.6
4 | HCG 62 0.0137 82.1 4 diuse emission (Ponman &
Bertram 1993) HCG 68 0.0080 48.0 5 our observation, diuse
emission HCG 79 0.0145 86.9 4 Seyfert's Sextet, unresolved
HCG 92 0.0215 129 4 Stephan's Quintet, unresolved HCG
93 0.0168 101 4 our observation HCG 94 0.0417 250 7 o
axis, X-ray luminous HCG 97 0.0218 131 5 diuse emission
N2300 group 0.0070 42.0 3 diuse emission (Mulchaey et
al. 1993)
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lccc 450pt X-ray observations of groups
Group Total Obs. Time (ksec) Time Used
(ksec) N
H
Column 4 is the galactic neu-
tral hydrogen column in the direction of each




. HCG 2 20.17
20.17 4.08 HCG 4 9.33 9.33 1.55 HCG 10
16.10 16.10 5.18 HCG 12 10.79 10.79 4.05
HCG 44 4.67 4.67 2.13 HCG 62 19.72 19.52
2.87 HCG 68 14.99 14.99 1.03 HCG 79 5.29
4.91 3.96 HCG 92 20.88 13.41 7.53 HCG 93
16.76 16.27 5.36 HCG 94 (16.76) (16.27)
5.10 HCG 97 13.89 13.89 3.62 N2300 group
6.04 6.04 5.95
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